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Objectives. The purpose of this study was to characterize
anterograde and retrograde properties of the atrioventricular
(AV) node in children and to determine the presence of ventricu-
loatrial (VA) conduction and dual AV node pathways.
Background. Although AV node reentry is common in adults, it
accounts for 13% of pediatric supraventricular tachycardia (SVT).
The age-related changes in the AV node with development are
poorly understood. The incidence of dual AV node pathways and
VA conduction in the pediatric population is unknown.
Methods. Electrophysiologic studies were performed in 79
patients with normal hearts and no evidence of AV node arrhyth-
mias. Patients were classified into two groups by age: group I5 49
patients (0.39 to 12.8 years old, mean [6SD] age 8.56 3.6); group
II 5 30 patients (13.4 to 20.0 years old, mean age 15.6 6 1.8).
Results. There was a significant difference (p < 0.05) in the
cycle length (CL) at which anterograde AV block occurred be-
tween group I (305 6 63 ms) and group II (350 6 91 ms).
Sixty-one percent of children had VA conduction with no age-
related differences. There was no significant difference in the
mean CL of retrograde VA block (360 ms). The incidence of dual
AV node pathways in group I was 15% and 44% in group II (p <
0.05).
Conclusions. These findings suggest that AV node electrophys-
iology undergoes maturational changes. The increase in AV node
reentrant tachycardia in adults may relate to changes in the
relative refractoriness and conduction of the AV node or to
differences in autonomic input into the AV node that allow dual
pathway physiology to progress to SVT.
(J Am Coll Cardiol 1997;29:403–7)
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Although atrioventricular node reentrant tachycardia (AVNRT)
is the most common cause of supraventricular tachycardia
(SVT) in adults, accounting for 50% to 60% of cases (1–3), this
mechanism is responsible for only 13% to 16% of pediatric
SVT (4,5). The concept of dual-atrioventricular (AV) node
physiology, the hallmark of AVNRT, was first proposed by
Mines (6) in 1913. Moe and Mendez described longitudinal
dissociation of the AV node into two pathways: an alpha
pathway with slow conduction and short refractoriness and a
beta pathway with fast conduction and long refractoriness
(7,8). Dual-AV node pathways have been reported (9) as an
associated finding in 41% of adults with tachycardia resulting
from concealed accessory pathways. Ventriculoatrial (VA)
conduction through the AV node occurs in 40% to 90% of
adult patients (10,11). The incidence of VA conduction and
dual AV node pathways in the general pediatric population is
unknown.
With the relatively recent use of radiofrequency catheter
ablation in children, a better understanding of the develop-
mental properties of the AV node beyond basal intervals and
cardiac refractory periods is needed. The purpose of this study
was to categorize the anterograde and retrograde properties of
the AV node in children and to determine the incidence of
dual AV node pathways and VA conduction.
Methods
Patients. A complete search of the cardiology data base at
The Children’s Hospital of Philadelphia between 1976 and
1995 identified all patients having undergone an electrophysi-
ologic study. Excluded from the study were patients with AV
reentry-type tachyarrhythmias (AVNRT and accessory path-
ways) and structurally abnormal hearts. Patients with AV
reentry-type tachyarrhythmias tend to utilize the bypass tract
anterograde as well as retrograde, often obscuring AV node
conduction (12,13). Patients who were taking medications
affecting the AV node at the time of their electrophysiologic
study were excluded. Seventy-nine patients met inclusion cri-
teria and are the basis for this study. The study patients were
classified into two groups: group I5 49 patients (#13 years old
[“children”], 19 male, 30 female; group II 5 30 patients (.13
years old [“adolescents”], 14 male, 16 female). The indications
for electrophysiologic testing included evaluation for the long
QT syndrome (n 5 23), ventricular tachycardia (n 5 36), atrial
flutter (n 5 1), cardiomyopathy (n 5 4), automatic atrial
From the Division of Pediatric Cardiology and Department of Pediatrics,
The Children’s Hospital of Philadelphia and University of Pennsylvania School
of Medicine, Philadelphia, Pennsylvania.
Manuscript received June 5, 1996; revised manuscript received September
30, 1996, accepted October 18, 1996.
Address for correspondence: Dr. Victoria L. Vetter, The Children’s Hospital
of Philadelphia, Division of Pediatric Cardiology, 324 South 34th Street,
Philadelphia, Pennsylvania 19104.
JACC Vol. 29, No. 2
February 1997:403–7
403
q1997 by the American College of Cardiology 0735-1097/97/$17.00
Published by Elsevier Science Inc. PII S0735-1097(96)00487-1
tachycardia (n 5 8), sinus node dysfunction (n 5 4) and
syncope (n 5 3).
Electrophysiologic study. Electrophysiologic testing was
performed with patients in the postabsorptive state. Written
informed consent from either the parents or legal guardians
was obtained before the study. Patients were generally sedated
with a combination of pentobarbitol (4 mg/kg body weight up
to 100 mg) and morphine SO4 (0.1 to 0.15 mg/kg up to 8 mg)
given 1 h before the procedure. Additional doses of pentobar-
bitol, morphine SO4 or meperidine were given in the cardiac
catheterization laboratory if additional sedation was needed
(14). Electrode catheters were positioned in the posterolateral
wall of the high right atrium, right ventricular apex and His
bundle position. Electrocardiographic leads I, aVF and V1 and
intracardiac electrograms were simultaneously recorded on a
multichannel photographic recorder at paper speeds of 100 to
200 mm/s.
Electrophysiologic protocol. Baseline AH and HV inter-
vals were measured at the rest cycle length (CL). Atrial pacing
between 600 and 250 ms was used to measure the AH and HV
at various cycle lengths and to determine the CL at which
anterograde AV block developed. Atrial and AV node refrac-
tory periods were assessed by programmed electrical stimula-
tion at two different CLs. Ventricular pacing was performed at
CLs of 600 to 250 ms for 30 to 60 s. If VA conduction was
present, the CL at which retrograde VA block occurred was
noted. An increase in the A2H2 interval of at least 40 ms in
response to a 10-ms decrement in A1A2 represents a discon-
tinuous curve and was used to indicate the presence of dual
AV node pathways (15–18).
Statistical analysis. Results are presented as mean value6
SD. All measurements were confirmed independently by a
second observer (T.S.W.). Data analysis was done by compar-
ing the two groups of patients with regard to 1) CL of AV
block; 2) presence or absence of VA conduction; 3) CL of
retrograde VA block; 4) anterograde atrial and AV node
refractory periods; and 5) the presence or absence of dual AV
node pathways. Continuous variables were analyzed by both
regression analysis and a t test. Linear regression analysis was
performed to examine the relation of age with anterograde AV
block and retrograde VA block. Paired t tests were used to
compare the CL of anterograde versus retrograde block.
Chi-square analysis was used to compare categoric variables,
such as the presence of dual AV node pathways and VA
conduction.
Results
During atrial pacing, there was a significant difference (p ,
0.05) in the CL at which anterograde AV block developed
between the two groups. In group I, the mean CL of antero-
grade AV block was 305 6 63 ms and 350 6 91 ms in group II
(Table 1). The correlation between age and the CL of ante-
grade AV block was significant (r 5 0.41, p , 0.05). There was
no significant difference in the rest sinus CL between the two
groups (group I 707 6 230 ms vs. group II 758 6 267 ms).
There was no significant difference in the incidence of VA
conduction between the two groups. Of the 45 children in
group I who underwent ventricular pacing, 71% had evidence
of VA conduction. Of the 29 children in group II, who
underwent ventricular pacing, 55% had evidence of VA con-
duction (Table 1). Of those patients with VA conduction, there
was no significant difference between groups in the CL at
which they developed retrograde VA block. Both groups had
retrograde VA block at a mean CL of 360 ms (group I 360 6
91.6 ms vs. group II 360 6 87.9 ms) (Table 1). The correlation
between age and the CL of retrograde VA block was not
significant (r 5 0.06, p 5 NS).
When both groups were combined, because similar results
were found when the patients were classified into the two age
groups, 59% of all the patients developed anterograde AV
block at a shorter CL than retrograde VA block (p , 0.05). In
29% of the patients, retrograde VA block occurred at a shorter
CL than anterograde AV block, and in 12% no difference was
noticed in the CL at which anterograde and retrograde block
occurred (Fig. 1). A minimal difference of 50 ms was used to
indicate whether anterograde or retrograde block occurred at
a shorter CL.
There were no significant differences between the two
groups in the AV node effective refractory periods (AVNERP)
at two different paced CLs in patients who achieved AV node
refractoriness (Fig. 2). Similarly, no age-related differences
were observed in the atrial functional refractory period
(AFRP) in patients with no block of the AV node at the paced
CLs tested. The mean AFRP in patients who did not block in
AV node was 254 6 45 ms (average of Group I [245 6 37 ms]
and Group II [263 6 53 ms]) at a paced CL of 600 ms and
241 6 34 ms (average of Group I [233 6 40 ms] and Group II
[254 6 21 ms]) at a paced CL of 400 ms (Fig. 3).
Of the patients in group I, 6 (15%) of 39 had evidence of
Abbreviations and Acronyms
AFRP 5 atrial functional refractory period
AV 5 atrioventricular
AVNERP 5 atrioventricular node effective refractory period
AVNRT 5 atrioventricular node reentrant tachycardia
CL 5 cycle length
SVT 5 supraventricular tachycardia
VA 5 ventriculoatrial
Table 1. Electrophysiologic Anterograde and Retrograde Properties
of Atrioventricular Node in Children and Adolescents
Group I
(#13 yr)
Group II
(.13 yr)
AVB CL (ms) 305 (n 5 49) 350 (n 5 30)*
Presence of VAC† 32/45 (71%) 16/29 (55%)
VAB CL (ms) 360 (n 5 45) 360 (n 5 29)
Presence of dual AVNP† 6/39 (15%) 11/25 (44%)*
*p , 0.05. †Number (%) of patients. AVB 5 atrioventricular block;
AVNP 5 atrioventricular node pathways; CL 5 cycle length; VAB 5 ventricu-
loatrial block; VAC 5 ventriculoatrial conduction.
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dual AV node pathways, significantly different (p , 0.05) from
group II, with 11 (44%) of 25 with dual AV node pathways
(Table 1). The youngest patient who demonstrated dual AV
node physiology was 5.2 years old. Further classification of the
groups revealed the following incidence of dual AV node
pathways: 1) 0 to 5 years old, 0% (n5 5); 2).5 to 10 years old,
22% (n 5 18); 3) .10 to 15 years old, 23% (n 5 26); 4) .15
to 20 years old, 44% (n 5 16). In those patients with dual AV
node physiology in group I, the discontinuous curve (AHslow 2
AHfast) ranged from 70 to 170 ms (mean 104 6 38.3); in group
II, this difference ranged from 40 to 180 ms (mean 109 6 47.4,
p 5 0.80).
Discussion
Because little is understood about actual changes in the AV
node as one ages, we evaluated the anterograde and retrograde
properties of the AV node in children to determine whether
there are age-related differences.
Our study found that age correlated significantly with the
CL of anterograde AV block unrelated to differences in the
rest sinus CL. Developmental electrophysiologic changes in
the AV node may also occur with regard to retrograde
properties. Ventriculoatrial conduction occurs in 40% to 90%
of adult patients (10,11). To our knowledge, no previously
published data exist in children. This study found VA conduc-
tion in 61% of all children tested without significant differences
related to age.
Retrograde conduction through the AV node has been
related to anterograde AV node conduction (10,19,20). In
most adults, anterograde AV block occurs at a shorter CL than
retrograde VA block (20). In 1977, Akhtar et al. (20) prospec-
tively studied 50 adult patients and found that 72% had
anterograde AV block occurring at a shorter CL than retro-
grade VA block. In 12%, retrograde conduction was “better”
than anterograde conduction, as indicated by the onset of
retrograde VA block at a shorter CL than anterograde AV
block. Similarly, we found the majority of our study cohort had
anterograde block at a shorter CL than retrograde VA block.
Denes et al. (21) reported a decrease in the effective and
functional refractory period of the atrium at shorter cycle
lengths, whereas AVNERP increased at shorter cycle lengths
in adult men. Dubrow et al. (22) found that the juvenile state
of the conduction system was a determinant of refractory
periods. Children (7 months to 15 years old) were found to
have significantly shorter atrial and AV node refractory peri-
ods than adults at comparable CLs. Our study supports the
findings of Dubrow et al. (22) because the children in group I
achieved shorter atrial and AV node refractory periods at
comparable paced CLs than those in group II. In those patients
who did not achieve AVNERP at either paced CL, the mean
AFRP was 249 6 41 ms. The ability to still conduct antero-
grade without reaching AV node block at such fast rates
compared with that in adults exemplifies the relative “slick-
ness” of the AV node in children.
Dual AV node pathway physiology is the substrate for the
development of AVNRT (23–25). Of all 64 patients in the
present study evaluated by programmed electrical stimulation,
the incidence of dual AV node pathways was 25%. However,
there was a significant (p , 0.05) difference between children
(group I), of whom only 15% had dual AV nodal pathways
compared with adolescents (group II), in whom 44% had dual
Figure 2. Atrioventricular node effective refractory period for all
patients who achieved AV node refractoriness at a paced CL (PCL) of
600 and 400 ms (p5 NS). Solid bars5 group I; hatched bars5 group
II.
Figure 3. Atrial functional refractory period in all patients without
block in the AV node at a paced CL (PCL) of 600 and 400 ms (p 5
NS). Symbols as in Figure 2.
Figure 1. Bar graph illustrating percent of patients with 1) antero-
grade AV block occurring at a shorter CL than retrograde VA block
(Ant . Retro); 2) retrograde VA block occurring at a shorter CL than
anterograde AV block (Retro . Ant); or 3) anterograde and retro-
grade block occurring at the same CL (Ant 5 Retro).
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pathways. The inability to elicit dual AV node pathways by
programmed electrical stimulation in children #13 years of
age may explain the relative infrequency with which AVNRT is
seen in this age group. Atrioventricular node longitudinal
dissociation is only part of the physiologic requirement for
AVNRT. The inability to elicit a discontinuous curve by
standard electrophysiologic techniques could result from a
number of possibilities: 1) The effective refractory period of
the atrium is reached before a discontinuous curve can occur,
or 2) the fast and slow pathways are similar in their conduction
and refractoriness, allowing no dissociation between the two
pathways. A recent study by Sheahan et al. (26) reported the
presence of AVNRT in adult patients without discontinuous
curves. No studies have reported this finding in the pediatric
age group.
The AV node is a complex structure, with multiple inputs
into the compact node from the atrium. Most of the published
reports (27–31) on the AV node region have centered on the
configurational compartmentalization of specific zones and the
cell types within each zone. The electrophysiologic properties
of conduction through the AV node in part relates to the
anatomic complexity of node architecture, but also from the
strong influence of the autonomic nervous system on the AV
node. In 1985, Hariman et al. (32) performed electrophysi-
ologic studies in 17 adult men without VA conduction and
found that 9 of 17 had demonstrable 1:1 VA conduction either
during isoproterenol or after atropine administration. A simi-
lar study in pentobarbitol-anesthetized dogs found that VA
conduction increased from 57% to 91% in animals receiving
isoproterenol; 13% of these dogs had anterograde dual AV
node pathways at baseline, and an additional 13% had evi-
dence of dual pathways during infusion of isoproterenol (33).
Whether the electrophysiologic response of the AV node to
autonomic stimulation is similar in children compared with
adolescents and adults remains unknown. A different response
to autonomic input in adolescents may explain the increased
frequency with which dual pathways and AVNRT are seen in
this age group.
Limitations of the study. This study has an important
limitation. Although we report AV node developmental prop-
erties in “normal children,” all patients evaluated had a clinical
indication for undergoing testing. This bias in patient selection
may not adequately represent children with totally normal
conduction systems.
Conclusions. The AV node has been reported to be a
dynamic structure that undergoes maturational changes
(22,34). This study illustrates the relative differences in AV
node conduction and refractoriness in children #13 years old
compared with adolescents .13 years old and with previously
published adult data. Our study shows that 1) anterograde AV
block is related to age and occurs at a significantly shorter CL
in younger children than in adolescents; 2) there is no signif-
icant difference in VA conduction related to age; 3) antero-
grade conduction is better than retrograde conduction in
children; and 4) there is a significant increase in the incidence
of dual AV node pathways in adolescents compared with
children. The increased incidence of AVNRT in adults com-
pared with children may relate to changes in the relative
refractoriness and conduction of the AV node or to differences
in AV node modulation by the autonomic nervous system,
which allows the development of reentrant SVT. Further
studies are needed to follow up children with dual AV node
pathways but without AVNRT to see whether AVNRT devel-
ops in the future and to determine which electrophysiologic
changes lead to the development of AVNRT. With the ad-
vance in radiofrequency catheter ablation, further examination
of the electrophysiologic properties of the AV node as well as
AV node modulation by the autonomic nervous system is
warranted.
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